Introduction
Liverworts are known to be a rich source of terpenoic constituents (Asakawa, 1995; Zinsm eister et al., 1991; Zinsmeister et al., 1994) . Since there has been no previous investigation on the South American liverwort B leph aridoph yllu m d en sifo l iu m , we decided to analyse the constituents of this species, in order to find new natural products. This paper describes the isolation and characterisation of ten new en t-kauranes ( 1 -10) along with eleven known compounds of this type of structure ( 11-21), an e/ir-pimarane type diterpenoid (22) and three known damm arane triterpenoids (23-25).
Result and Discussion
A combination of size exclusion chrom atogra phy, vacuum liquid chrom atography and HPLC of the ether and the m ethanolic extract of the plant led to the isolation of the constituents discussed below.
Com pound 1, C22H 32O 3 (m /z 344.2, [M]+), was obtained as crystalline needles. The IR spectrum indicated the presence of an a,ß-unsaturated car bonyl in a five m em bered ring (1727 cm -1, 1645 cm -1). The 'H NMR spectrum showed signals for Com pound 3 gave the molecular formula C20H 30O 4. Comparison of its 'H and l3C NMR spectra with those of 2 displayed an additional sin glet of an acetyl methyl at 6 H 1-80 corresponding to the 13C NMR signal at b c 21.2. A secondary carbinole proton at ö H 5.24 (t, J = 3.2 Hz) is visible in the spectrum. The low field shift of this signal indicates the acetylation of this alcohol. The loca tion and the stereochemistry of the acetoxy group was determ ined by NOE experiments. Those re vealed NOEs between H -ll and both H -la and H-12a. Thus, these results establish the acetoxy group as 11a. N O E experiments also showed that the aldehyde at ö H 10.34 must be attached to C-20. The above data indicate, that the structure of 3 is e n t-lla-acetoxy-20-oxo-kaur-16-en-15-one.
Compound 4 has the m olecular formula C22H 30O 5 (m /z 374, [M]+). Its 13C NMR data are similar to those of 3 except for the presence of a carboxylic acid (6C 181.4) instead of a C-20 alde hyde. This was proven by HM BC correlation be tween both H-5 and H-9 and C-20. On the basis of these results structure 4, e/2r-lla-acetoxy-15-oxokaur-16-en-20-acid, is assigned to this compound.
Compound 5 did not give a molecular ion on GC-mass spectrometry analysis. However, 13C NM R and D EPT spectra revealed its molecular formula C22H 32O 4. Comparison of the 'H and 13C NMR data with those of the compounds described above indicated that the structure is another acetylated em-kaur-16-en-15-one with an additional hydroxyl group which is represented by a doublet of doublet (ö H 4.08, J = 12.0, 4.6 Hz). The location and stereochem istry of the hydroxyl group was de term ined by N O E experiments revealing correla tion between H-7 and both H-5ß and H-9ß. These results establish the hydroxyl group as 7a. There fore, the structure of 5 is represented as ent-11a-acetoxy-7ß-hydroxy-kaur-16-en-15-one.
Com pound 6 gave the molecular formula C22H 32O 4 {m /z 360, [M]+). Its 'H NMR data are similar to those of 5 except for the occurrence of two doublets (6 H 3.67, 7 = 11.7 Hz; 3.43, 7= 11.7 Hz) instead of the H-7 doublet of doublet. This indicates the presence of an oxygenated methylene in posi tion 18, 19 or 20. A NO E correlation between the methylene protons and the protons of the methyl at C-20 indicates that the structure of 6 is e n t-llaacetoxy-19-hydroxy-kaur-16-en-15-one.
The CI-mass spectrom etry of compound 7 dis played the same molecular ion (m /z 360, [M]+) as that of 6. The NM R data of both compounds are also very similar. In the 'H NMR of 7 the doublets of the protons at C -l9 are shifted to lower fields whereas the signal of H -ll shows a high field shift of 1.06 ppm. The above results reveal that 7 con tains an acetylated hydroxyl group at C-19 and an unsubstituted alcohol at C -ll. On the basis of these findings structure 7. em-19-acetoxy-lla-hydroxy-kaur-16-en-15-one, is assigned to this com pound. The molecular formula of compound 8 was established as C22H 32O 5 (m /z 376. [M]+). Its 'H NMR data are similar to those of 6 but in the spectrum of 8 an additional broad singlet of an other hydroxyl group can be observed at ö H 4.38. In order to elucidate the location of this oxygen ated methine HMBC experiments had been done which indicated correlation between the methine proton and C-10 and C-8. For this reason the alco hol must be located in position 6. Its stereochem is try was determ ined by NOE. The above results reveal that 8 is enf-lla-acetoxy-6ß,19-dihydroxykaur-16-en-15-one.
Compound 9 was obtained as colourless needles with a molecular formula of C22H 34O 4 as calcu lated from the Cl mass spectrum (m /z 362, [M]+). On comparison of the 'H NMR data of the com pounds described above with the data of 9 it is obvious that the singlets of the olefinic protons are missing. Instead a doublet of a secondary methyl (6 h 1.14, J = 7.3 Hz) is visible in the spectrum corresponding to a l3C NM R signal at 6C 10.6. This signal can be assigned to a methyl at C-16. Thus, compound 9 is consistent with a kauran-15-one structure. Based on its chemical shift and multiplicity a doublet at ö H 5.03 (J -6.0 Hz) could be assigned to a proton of an acetylated methine in 11a. The shifts of two doublets at 0 H 3.66 (J = 11.0 Hz) and öH 3.42 (J = 11.0 Hz) are almost iden tical with the signals of the methylene protons in position 19 of compound 6 . The above data indi cate that the structure of 9 is e n t-\la-acetoxy-19-hydroxy-kauran-15-one.
The last new diterpenoid from B. d en sifo liu m , 10, gave the molecular formula C22H 340 4 (m /z 362, [M]+). The 'H NMR spectra of 10 and 9 are very similar. From the shifts of the doublet of H-11 (6 h 3.90, J = 5.8 Hz) and of the two doublets of the protons at C-19 (öH 4.14, J -11.2 Hz; 6 H 3.93, J = 11.2 Hz) can be deduced that the location of the acetylation of compound 10 has changed from 11 to 19. For these reasons the structure of 10 is e«r-19-acetoxy-lla-hydroxy-kauran-15-one.
The previously known em-19-oxo-kaur-16-en (11) (Piozzi et al., 1971) , em-kaur-16-en-15-one (12) (Langenbahn et al., 1993) , em-15a-hydroxykaur-16-en (13) (Langenbahn et al., 1993) , ent-11a-acetoxy-kaur-16-en-15-one (14) (Fujita and Ochiai, 1978), e/7f-19-hydroxy-kaur-16- 
Extraction and isolation
The extraction scheme followed standard pro cedures of our group (Bungert et al., 1998; Cullmann et al., 1993; Adam and Becker, 1994) . Pow dered air dried plant material (400 g) was subsequently extracted with E t20 and MeOH. The E t20 extract (13.9 g) was chrom atographed on Sephadex LH-20 (150 x 2.5 cm i.d.) with MeOH-CH 2C12 (1:1) as eluent to give two fractions (B 1 and B 2). Fraction B 2 (7.5 g) was separated by VLC (Silica gel 15 |_im. 60 mm x 35 mm i.d., step wise with an /7-hexane-EtOAc gradient) and gave the fractions B 2 -1 (1.5-2% EtOAc, 707 mg), B 2 -2 (2-4% EtOAc, 777 mg), B 2 -3 (4-12%
